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SUMMARY 
Al l shear flows a r e c h a r a c t e r i z e d by a net t r a n s f e r of forward 
l i n e a r momentum from reg ions of h igher l i n e a r momentum to reg ions of 
lower l i n e a r momentum. 
In open channels t h e r e i s a l s o a l a t e r a l c ross -channe l t r a n s f e r 
of l i n e a r momentum. This l a t e r a l t r a n s f e r can be t r a n s f e r from a main 
channel s e c t i o n to an overbank s e c t i o n or i t can be t r a n s f e r from the 
c e n t r a l region to the v e r t i c a l wal l reg ions in a r e c t a n g u l a r channe l . 
The ob jec t of t h i s i n v e s t i g a t i o n was to study t h i s l a t e r a l t r a n s ­
fe r of momentum from the c e n t r a l region to the v e r t i c a l wal l r eg ions in 
smooth r e c t a n g u l a r channe l s . This was done by means of f i r s t de te rmin­
ing the shear s t r e s s a long the channel per iphery and then us ing t h i s 
shear s t r e s s to so lve for the l a t e r a l c ross -channe l t r a n s f e r of l i n e a r 
momentum us ing the momentum equa t ion . 
The da ta used for t h i s i n v e s t i g a t i o n was obta ined p rev ious ly and 
p a r t i a l l y r epor ted by Tracy and Les t e r in U. S. Geological Survey Water-
Supply Paper 1592A. Twenty s ix t e s t s were used wi th t e s t cond i t i ons 
cover ing a range of dep th - to -wid th r a t i o s from 0.026 to 0 . 2 1 1 , Reynolds 
numbers from 43,770 to 726,900, average channel v e l o c i t y from 0.77 to 
7.70 f ee t per second and two-dimensional shear s t r e s s from 0.0038 to 
0.2325 pounds per square foo t . 
The shear s t r e s s a long the channel per iphery was computed by two 
methods. One method being t h a t us ing the P re s ton - tube technique and 
the o the r us ing Von Ka'rman's logar i thmic v e l o c i t y law. From these 
X 
computed shear s t r e s s e s the shear s t r e s s d i s t r i b u t i o n s , the maximum shear 
s t r e s s , and the average shear s t r e s s e s for the channel bottom and wa l l s 
were found and p l o t t e d . The dep th - to -wid th r a t i o of the channel c r o s s -
s e c t i o n was found to be the only flow c h a r a c t e r i s t i c which a f fec t ed the 
boundary shear- s t r e s s ( d i s t r i b u t i o n , maximum, and average) for smooth 
boundar ies and a modest range of Reynolds numbers. A centra l , reg ion wi th 
two-dimensional shear s t r e s s was found by the w r i t e r for smooth rec tangu­
l a r channels wi th dep th - to -wid th r a t i o s l e s s than 0 .08 . In o the r words, 
the reg ion in which the shear s t r e s s i s a f f ec t ed by the wal l extends a 
d i s t a n c e of about s i x t imes the flow depth l a t e r a l l y from the w a l l . 
CHAPTER I 
INTRODUCTION 
Linear Momentum Transfer 
All shear flows are characterized by a net transfer of forward 
linear momentum from regions of higher linear momentum to regions of 
lower linear momentum. 
The simplest example is that of laminar flow in a pipe. In this 
case linear momentum is transported toward the wall region by a molecu­
lar transfer mechanism. With turbulent flow in a pipe the linear momen­
tum is transferred to the wall region by the action of turbulence. 
Another example is that of overbank flow in which linear momentum 
is transported from the main channel section to the overbank section 
both by turbulence and by vertically oriented giant eddies (at least with 
shallow depths in the overbank section), which form at the junction plane 
of the main channel and overbank sections. The existence of these verti­
cally oriented giant eddies was observed by Wilroy (1) and Rodriguez-
Diaz (2) in their experiments with the hydraulic jump in a nonrectangular 
open channel. The channel used by Wilroy and Rodriguez-Diaz had vertical 
walls with a cross-channel slope in the bottom resulting in a variable 
depth across the channel. For a hydraulic jump to occur in such a chan­
nel a massive transfer of linear momentum from the deeper to the shal­
lower portion is required. Rodriguez-Diaz observed that under certain 
conditions turbulence plus well-behaved cross currents were sufficient 
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t o e f f e c t t h e r e q u i r e d t r a n s f e r . On t h e o t h e r hand i f t h e r e q u i r e d r a t e 
o f t r a n s f e r w e r e t o o g r e a t , v e r t i c a l l y o r i e n t e d g i a n t e d d i e s formed w h i c h 
w e r e c a p a b l e o f m a s s i v e t r a n s p o r t o f l i n e a r momentum t o w a r d t h e s h a l l o w e r 
s i d e . 
A n o t h e r m e c h a n i s m w h i c h c a n t r a n s p o r t l i n e a r momentum c o n s i s t s o f 
l i n e v o r t i c e s a l i n e d w i t h a x e s a l o n g t h e c h a n n e l . The s u p e r p o s i t i o n o f 
t h e s e l i n e v o r t i c e s o n t h e f l o w i s c a l l e d s e c o n d a r y c i r c u l a t i o n . P r a n d t l 
(3) p r e s e n t e d a h y p o t h e s i s a b o u t t h e l o c a t i o n o f t h e s e v o r t e x p a i r s i n 
v a r i o u s n o n c i r c u l a r c o n d u i t s . T h i s s e c o n d a r y c i r c u l a t i o n i s an e f f e c t i v e 
s u p p l e m e n t t o t u r b u l e n c e i n t r a n s f e r r i n g l i n e a r momentum t o w a r d t h e w a l l 
r e g i o n s i n f l o w i n p o l y g o n a l c o n d u i t s . 
I n a r e c t a n g u l a r o p e n c h a n n e l , l i n e a r momentum m u s t b e t r a n s f e r r e d 
b o t h downward t o w a r d t h e f l o o r and l a t e r a l l y t o w a r d t h e w a l l s . The l a t ­
e r a l t r a n s p o r t i s n e c e s s i t a t e d by t h e e x i s t e n c e o f b o u n d a r y s h e a r o n t h e 
w a l l . W i t h t w o - d i m e n s i o n a l f l o w , t h e n e t t r a n s p o r t w o u l d b e o n l y i n o n e 
d i r e c t i o n , t h a t i s , t o w a r d t h e f l o o r . C o n c e p t u a l l y t h e f l o w i s d i v i d e d 
i n t o two t h r e e - d i m e n s i o n a l f l o w r e g i o n s i n t h e v i c i n i t y o f t h e w a l l s and 
i n t o a t w o - d i m e n s i o n a l f l o w r e g i o n i n t h e c e n t r a l p o r t i o n o f t h e c h a n n e l . 
The f l o w c h a r a c t e r i s t i c s , i n c l u d i n g t u r b u l e n c e i n t h e t w o - d i m e n s i o n a l 
r e g i o n , h a v e b e e n e x p e r i m e n t a l l y i n v e s t i g a t e d by L a u f e r ( 5 ) f o r f l o w i n 
a r e c t a n g u l a r s m o o t h c o n d u i t . The e x i s t e n c e o f a t h r e e - d i m e n s i o n a l f l o w 
r e g i o n n e a r t h e w a l l i s known t o b e r e f l e c t e d i n t h e f o l l o w i n g ' f l o w c h a r ­
a c t e r i s t i c s mean v e l o c i t y , t u r b u l e n c e , a p p a r e n t s h e a r s t r e s s e s , and 
b o u n d a r y s h e a r s t r e s s . 
From t h e e n g i n e e r i n g s t a n d p o i n t t h e f l o w c h a r a c t e r i s t i c o f p r i m e 
i n t e r e s t i s t h a t o f b o u n d a r y - s h e a r s t r e s s . F o r e x a m p l e , m o s t e n g i n e e r i n g 
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a n a l y s e s i s gross-streamtube a n a l y s i s , for which the t o t a l boundary-shear 
f o r c e i s r e q u i r e d . As a f u r t h e r example , movement o f p a r t i c l e s on the 
bed and on the banks o f a stream i s d i r e c t l y r e l a t e d to the boundary-shear 
s t r e s s . De terminat ion of the boundary-shear s t r e s s d i s t r i b u t i o n and the 
c r o s s - c h a n n e l t r a n s f e r of l i n e a r momentum i n r e c t a n g u l a r open channe l s i s 
the o b j e c t o f t h i s i n v e s t i g a t i o n . 
L inear Momentum Equat ion 
The l i n e a r momentum e q u a t i o n f o r s t eady f low i s s imply: 
-Summation of the 
e x t e r n a l f o r c e s 
-on a f r e e body J 
Rate of t r a n s p o r t 
o f l i n e a r momentum 
-out of the f r e e body 
Rate o f t r a n s p o r t 
o f l i n e a r momentum 
i n t o the f r e e bodyJ 
(1 ) 
For purpose of a n a l y s i s a r e c t a n g u l a r p a r a l l e l e p i p e d a s shown i n 
F i g u r e 1 i s chosen a s a f l u i d f r e e body. Face 1 i s a t t h e j u n c t i o n of 
t h e f l u i d and t h e bed . Face 2 i s t h e f r e e s u r f a c e . Face 3 i s a v e r t i ­
c a l p l a n e a l o n g the c e n t e r l i n e . Face 4 i s a v e r t i c a l p l a n e p a r a l l e l to 
the c e n t e r l i n e a t a d i s t a n c e of (%B) — z from the c e n t e r l i n e . Faces 5 
and 6 a r e the end f a c e s of the f r e e body and a r e s e p a r a t e d by the a x i a l 
d i s t a n c e d x . The l i n e a r momentum e q u a t i o n i n the x - d i r e c t i o n , a l o n g t h e 
a x i s of t h e c h a n n e l , i s formulated f o r s t e a d y uniform f l o w . 
The e x t e r n a l f o r c e s i n the x - d i r e c t i o n on t h e f r e e body a r e a s 
f o l l o w s : ( a ) the p r e s s u r e f o r c e s on f a c e s 5 and 6; (b) t h e boundary-
shear f o r c e on f a c e 1 , dx / T o b ( - d z ) ; and ( c ) the w e i g h t f o r c e , 
7[(%B) - z ] ( y s i n 9 ) d x . S i n c e t h e f low i s uniform t h e p r e s s u r e f o r c e 
on f a c e 5 e x a c t l y e q u a l s t h a t on f a c e 6 . 
The l i n e a r momentum t r a n s p o r t terms a r e a s f o l l o w s : (a ) The 
l i n e a r momentum t r a n s p o r t r a t e out through f a c e 6 e x a c t l y e q u a l s the 
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F i g u r e 1 . D e f i n i t i o n S k e t c h o f F o r c e s i n t h e M o m e n t u m E q u a t i o n . t r a n s p o r t r a t e i n t h r o u g h f a c e 3 . ( b ) T h e n e t t r a n s p o r t r a t e o f l i n e a r m o m e n t u m t h r o u g h f a c e 3 b y t u r b u l e n t e d d i e s i s z e r o b y v i r t u r e o f t h e l o c a ­t i o n o f f a c e 3 o n t h e a x i s o f s y m m e t r y . ( c ) T h e l i n e a r m o m e n t u m t r a n s ­p o r t r a t e o u t t h r o u g h f a c e 4 i s a f f e c t e d b o t h b y t u r b u l e n t e d d i e s a n d s e c o n d a r y c i r c u l a t i o n . T h e t r a d i t i o n a l t r e a t m e n t o f t h e l i n e a r m o m e n t u m t r a n s p o r t t e r m e u r o u g h f a c e 4 i s t o t r a n s f e r t h i s t e r r a t o t h e l e f t s i d e o f E q u a t i o n ( 1 ) . U p o n p e r f o r m i n g t h i s o p e r a t i o n , t h e t e r m c a n b e 
5 
c o n s i d e r e d a s b e i n g a p p a r e n t s h e a r f o r c e , T y_ d x . 
The l i n e a r momentum e q u a t i o n i s : 
z 
T o b ( ~ d z ) - ^ a ^ 0 D X + 7 ^ C ^ B ) - z ] ( y Q s i n 9 ) d x = 0 ( 2 ) 
I n w h i c h B = t o t a l c h a n n e l w i d t h 
x = d i s t a n c e i n t h e l o n g i t u d i n a l d i r e c t i o n 
y Q =' u n i f o r m f l o w d e p t h 
z = d i s t a n c e l a t e r a l l y from t h e w a l l 
y = f l u i d s p e c i f i c w e i g h t 
9 = s l o p e a n g l e 
p = f l u i d m a s s d e n s i t y 
T , =• s h e a r s t r e s s o n t h e c h a n n e l b o t t o m and ob 
T a = a v e r a g e a p p a r e n t s h e a r s t r e s s . 
F o r t h e e n t i r e c h a n n e l , t h a t i s z = 0 , E q u a t i o n f2) r e d u c e s t o : 
- T o b ( ^ B ) d x - T Q W y Q dx + 7<%B) y Q s i n 9 dx = 0 
i n w h i c h T , i s t h e mean s h e a r s t r e s s o n t h e b e d and T i s t h e mean s h e a r 
ob ow 
s t r e s s o n t h e w a l l . S i m p l i f y i n g E q u a t i o n ( 2 ) 
- ^ob (B) - T o w ( 2 y Q ) + 7 ( B y Q ) S Q = 0 ( 3 ) 
i n w h i c h S Q i s t h e b o t t o m s l o p e , s i n 9. The common p r o c e d u r e i s t o o b t a i n 
t h e mean v a l u e o v e r t h e e n t i r e b o u n d a r y r a t h e r t h a n a v e r a g i n g t h e b o t t o m 
and w a l l s s e p a r a t e l y . I n w h i c h c a s e E q u a t i o n ( 2 ) c a n b e s i m p l i f i e d a s 
f o l l o w s : 
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- T 0 (B + 2 y Q ) + 7(B y o ) S Q = 0 
o r 
T o = 7 ( A / P ) S o = 7 R s o ( 3 a ) 
i n w h i c h T q i s t h e mean s h e a r s t r e s s a v e r a g e d o v e r t h e e n t i r e b o u n d a r y , 
A i s t h e c r o s s - s e c t i o n a l a r e a , B y Q , P i s t h e w e t t e d p e r i m e t e r , B + 2 y Q , 
and R i s t h e h y d r a u l i c r a d i u s , A / P . 
Method and S c o p e o f t h e I n v e s t i g a t i o n 
The m a i n o b j e c t i v e o f t h i s i n v e s t i g a t i o n was t o a n a l y z e t h e d a t a 
p r e v i o u s l y o b t a i n e d by t h e U n i t e d S t a t e s G e o l o g i c a l S u r v e y i n t h e G e o r g i a 
I n s t i t u t e o f T e c h n o l o g y H y d r a u l i c s L a b o r a t o r y . P a r t i c u l a r a t t e n t i o n i s 
g i v e n t o t h e c r o s s - c h a n n e l t r a n s f e r o f l i n e a r momentum. T h e s e d a t a h a v e 
b e e n p a r t i a l l y r e p o r t e d by T r a c y and L e s t e r ( 5 ) . The m a j o r p a r t o f t h e 
w r i t e r ' s a n a l y s i s was b a s e d o n t h e s t u d y o f t h e s h e a r s t r e s s d i s t r i b u t i o n 
a l o n g t h e c h a n n e l b o t t o m and w a l l s f rom w h i c h t h e c r o s s - c h a n n e l t r a n s f e r 
o f l i n e a r momentum c a n b e c o m p u t e d u s i n g E q u a t i o n ( 2 ) . 
R e v i e w o f t h e L i t e r a t u r e 
The w r i t e r knows o f no l i t e r a t u r e w h i c h p e r t a i n s t o t a l l y t o t h i s 
c r o s s - c h a n n e l t r a n s f e r o f l i n e a r momentum and t h e r e h a v e b e e n v e r y f e w 
p u b l i c a t i o n s w h i c h t o t a l l y p e r t a i n t o s h e a r s t r e s s d i s t r i b u t i o n . M o s t 
i n v e s t i g a t i o n s i n t o t h e d e t e r m i n a t i o n o f t h e s h e a r s t r e s s i n o p e n c h a n ­
n e l s h a v e e i t h e r b e e n d i r e c t e d t o w a r d m e t h o d s o f m e a s u r i n g s h e a r s t r e s s 
o r e l s e t h e y h a v e b e e n d o n e a s a s i d e p r o d u c t o f a l a r g e r i n v e s t i g a t i o n . 
The m a j o r p o r t i o n o f t h e s e i n v e s t i g a t i o n s h a v e b e e n d o n e i n c o n j u n c t i o n 
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with a study of sediment transport. This is partly due to the fact that 
a knowledge of the shear stress, or tractive force as it is usually re­
ferred to in sedimentation studies, is required for investigation of chan­
nel stability. 
Keulegan ( 6 ) , in 1938, using Von Karma'n's velocity law, 
H - . a + I £ n ( 4 ) 
u* K V V / 
derived the expression for the mean velocity in a trapezoidal cross-section 
L = , . I + U ( ^ ) + I P - 7 L ( 5 ) 
in which a = constant 
R = hydraulic radius 
u = velocity at a point 
U = average velocity for the cross-section 
u & = shear velocity, ^T0/p 
= average shear velocity, ^TQ/p 
y = distance above the channel bottom 
P » correction for the variation in shear along the solid 
boundary 
e = correction for apparent shear at the free surface 
K = Von Ka'rman's constant and 
V = kinematic viscosity. 
Keulegan states that the correction for apparent shear at the free surface 
may be neglected and that the correction for the variation in shear along 
the solid boundary of rectangular channels can be taken as 0.1. He shows 
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that , t h e h y d r a u l i c r a d i u s c a n b e u s e d i n E q u a t i o n ( 5 ) a s t h e c h a r a c t e r ­
i s t i c l e n g t h f o r t h e c r o s s - s e c t i o n . U s i n g B a z i n ' s d a t a , K e u l e g a n a l s o 
c o m p u t e d t h e s h e a r v e l o c i t y f o r p o i n t s a l o n g t h e b o t t o m and t h e w a l l s o f 
t h e c h a n n e l by m e a n s o f E q u a t i o n ( 5 ) , 
L a n e ( 7 ) made a n u n s u c c e s s f u l a t t e m p t t o d e t e r m i n e t h e s h e a r d i s t r i ­
b u t i o n by a m a t h e m a t i c a l p r o c e s s u s i n g Von Karma'n's l o g a r i t h m i c d i s t r i b u ­
t i o n and b o u n d a r y l a y e r t h e o r y . M a t h e m a t i c a l s o l u t i o n s o f a s u p p o s e d l y 
a n a l o g o u s d i f f e r e n t i a l e q u a t i o n w e r e o b t a i n e d f o r a r e c t a n g u l a r c h a n n e l 
w i t h a d e p t h - t o - w i d t h o f 1 t o 2 . H i s r e s u l t s show a maximum s h e a r s t r e s s 
o n t h e b o t t o m a p p r o a c h i n g -y y Q S Q ( t h e t w o - d i m e n s i o n a l s h e a r s t r e s s ) and a 
maximum o f 0 . 7 6 -v y S o n t h e w a l l s . i Jo o 
L e u t h e u s s e r ( 8 ) i n a s t u d y o f t u r b u l e n t f l o w i n r e c t a n g u l a r d u c t s 
d e t e r m i n e d t h e s h e a r s t r e s s a r o u n d t h e p e r i p h e r y o f r e c t a n g u l a r d u c t s 
w i t h a s p e c t r a t i o s o f 1 t o 3 a n d 1 t o 1 . He c o m p u t e d t h e s h e a r s t r e s s 
u s i n g P r e s t o n ' s t e c h n i q u e . H i s t e s t s w e r e made a t R e y n o l d s numbers r a n g ­
i n g f rom 3 4 , 0 0 0 t o 9 2 , 0 0 0 . He f o u n d a v a r i a t i o n i n t h e s h e a r s t r e s s d i s ­
t r i b u t i o n w i t h R e y n o l d s n u m b e r . 
Hsu ( 9 ) e x t e n d e d J . H. P r e s t o n ' s t e c h n i q u e f o r t h e d e t e r m i n a t i o n 
o f l o c a l s k i n f r i c t i o n i n p i p e s t o t h a t f o r b o u n d a r y l a y e r f l o w w i t h 
a d v e r s e p r e s s u r e g r a d i e n t s . He w a s a b l e t o c h e c k P r e s t o n ' s c a l i b r a t i o n 
c u r v e a l m o s t i d e n t i c a l l y f o r r o u n d - s u r f a c e p i t o t t u b e s o n f l a t s u r f a c e s 
w i t h z e r o p r e s s u r e g r a d i e n t a s w e l l a s w i t h a d v e r s e p r e s s u r e g r a d i e n t s . 
Hwang and L a u r s e n ( 1 0 ) show t h a t t h e m e t h o d s d e v e l o p e d by P r e s t o n 
and Hsu g i v e s a t i s f a c t o r y r e s u l t s e v e n i n c h a n n e l s w i t h r o u g h b o u n d a r i e s . 
CHAPTER I I 
LABORATORY EQUIPMENT 
General 
A l l t e s t s f o r t h i s i n v e s t i g a t i o n were made p r e v i o u s l y , by the 
r e s e a r c h p e r s o n n e l o f t h e Uni ted S t a t e s G e o l o g i c a l Survey , i n t h e Hydrau­
l i c s Laboratory , School o f C i v i l E n g i n e e r i n g , Georgia I n s t i t u t e o f Tech­
n o l o g y , A t l a n t a , Georg ia . As s t a t e d b e f o r e t h e r e s u l t s were p a r t i a l l y 
repor ted by Tracy and L e s t e r ( 5 ) . 
The Flume 
The l a b o r a t o r y t e s t s were made i n a s t e e l flume 3 . 5 f e e t w i d e , 18 
Inches deep ( s e e F i g u r e 2 ( a ) ) and 80 f e e t l o n g . The flume i s supported 
a t i t s midpoint on a f i x e d p i v o t and a t the ends by p a i r s o f screw j a c k s . 
An e l e c t r i c motor at t h e p i v o t d r i v e s t h e two p a i r s o f j a c k s s i m u l t a n e ­
o u s l y through torque tubes o f equal l e n g t h . The d r i v e mechanism a l s o 
f u r n i s h e s a method f o r t h e d e t e r m i n a t i o n of the flume s l o p e . The number 
of turns made by the torque tubes from t h e l e v e l flume p o s i t i o n i s i n ­
d i c a t e d by a mechanica l c o u n t i n g d e v i c e . The v e r t i c a l d i s p l a c e m e n t o f 
t h e two ends o f t h e flume for v a r i o u s counter r e a d i n g s has been measured 
by p r e c i s e l e v e l s . A c a l i b r a t i o n of c o u n t e r r e a d i n g a g a i n s t flume s l o p e 
has been prepared from t h i s data and the measurement o f t h e d i s t a n c e 
between the two end p o i n t s . 
Two l o n g i t u d i n a l , v a r i a b l e - d e p t h , b u i l t up s t e e l beams f u r n i s h t h e 
p r i n c i p a l support for the flume box . Two f o u r - i n c h channe l s p l a c e d 
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F i g u r e 2 . C h a n n e l C r o s s - S e c t i o n s 
b a c k - t o - b a c k a r e w e l d e d i n p l a c e o n t o p a n d a c r o s s t h e beams a t t h r e e -
f o o t i n t e r v a l s . F i v e l e n g t h s o f t h r e a d e d 3 / 4 - i n c h r o d , i n s e r t e d 
1 1 
v e r t i c a l l y b e t w e e n e a c h c h a n n e l p a i r and s p r e a d a t e q u a l i n t e r v a l s , a r e 
h e l d i n p l a c e by n u t s b e a r i n g o n t h e t o p and b o t t o m o f t h e c h a n n e l s . The 
r o d s p r o j e c t t o a h e i g h t o f a b o u t t h r e e i n c h e s a b o v e t h e t o p o f t h e c h a n ­
n e l s , and form b e a r i n g s u p p o r t s f o r f i v e s m a l l c a r c h a n n e l s w h i c h e x t e n d 
t h e l e n g t h o f t h e f l u m e . The f l u m e f l o o r i s b o l t e d d i r e c t l y t o t h e c a r 
c h a n n e l s . S m a l l i r r e g u l a r i t i e s i n t h e f l u m e f l o o r a s w e l l a s t h e c u r v a ­
t u r e d u e t o t h e d e a d w e i g h t d e f l e c t i o n o f t h e s u p p o r t i n g beams may b e 
removed by a d j u s t m e n t s i n t h e h e i g h t o f t h e t o p s o f t h e t h r e a d e d r o d s . 
The s i d e w a l l s a r e s u p p o r t e d by c h a n n e l l e n g t h s w e l d e d t o t h e a n g l e s t h a t 
form t h e b o t t o m s u p p o r t f o r t h e s i d e p l a t e s . The c h a n n e l l e n g t h s a r e v e r ­
t i c a l and o n t h r e e f o o t c e n t e r s . B o l t s t a p p e d t h r o u g h t h e c h a n n e l s p e r m i t 
s l i g h t a d j u s t m e n t s t o b e made i n t h e p o s i t i o n o f t h e s i d e w a l l s . The i n n e r 
f l u m e s u r f a c e s a r e c o v e r e d by o n e s e a l c o a t and two c o a t s o f s y n t h e t i c e n ­
a m e l , a p p l i e d by b r u s h . 
B e f o r e t e s t s w e r e made i n t h e f l u m e , t h e b o t t o m and s i d e s o f t h e 
f l u m e w e r e a d j u s t e d t o make them a s p l a n e a s p o s s i b l e . P r e c i s e l e v e l s 
w e r e run t o d e t e r m i n e t h e v a r i a t i o n o f t h e b o t t o m and w h e r e n e c e s s a r y , 
t h e b o t t o m e l e v a t i o n a d j u s t e d by means o f t h e s u p p o r t i n g r o d s u n d e r t h e 
f l u m e f l o o r . F i g u r e 3 shows t h e a v e r a g e c o n f i g u r a t i o n o f t h e b o t t o m and 
s i d e s o f t h e f l u m e a f t e r t h e a d j u s t m e n t s w e r e m a d e . 
The d e f l e c t i o n c h a r a c t e r i s t i c s o f t h e f l u m e u n d e r v a r i o u s d e p t h s 
o f f l o w a r e shown i n F i g u r e 4 . The d e f l e c t i o n i s s m a l l e n o u g h t o b e u n ­
i m p o r t a n t e x c e p t a t t h e e x t r e m e d o w n s t r e a m end o f t h e f l u m e a t d e p t h s 
g r e a t e r t h a n o n e - h a l f f o o t o f w a t e r . 
W a t e r s u r f a c e l e v e l s a r e r e a d by p o i n t g a g e s f rom a c a r r i a g e w h i c h 
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open ings have a l s o been i n s t a l l e d i n the flume f l o o r . 
Water i s s u p p l i e d to t h e flume by t h e l a b o r a t o r y r e c i r c u l a t i n g 
sys tem through e i t h e r a 1 2 - i n c h or a s i x - i n c h l i n e . D i s c h a r g e s a r e 
measured by a v e n t u r i meter l o c a t e d i n the 1 2 - i n c h l i n e , or by an o r i ­
f i c e meter l o c a t e d i n the s i x - i n c h l i n e . Both meters were c a l i b r a t e d 
g r a v i m e t r i c a l l y . 
The depth o f f low i n the flume i s r e g u l a t e d by an a d j u s t a b l e t a i l ­
g a t e , or by a s l u i c e g a t e a t the en trance o f the f lume. 
At a l a t e r t ime an overbank s e c t i o n was p l a c e d i n t h i s flume g i v i n g 
a channel w i t h a t w o - f o o t wide main f low p a s s a g e and a 1.5 f o o t wide o v e r -
bank. (See F i g u r e 2 ( b ) . ) These two s e c t i o n s were connected by a v e r t i c a l 
w a l l 0 . 4 f o o t in h e i g h t . A r e c t a n g u l a r channel t w o - f e e t wide and 0 . 4 f o o t 
deep was then a v a i l a b l e . 
CHAPTER III 
EXPERIMENTAL PROCEDURES AND ANALYSIS 
Scope of the Tests 
Twenty-two t e s t s in the 3 .5 - foot wide channel, which were previ ­
ously c o l l e c t e d by the U. S. Geological. Survey and p a r t i a l l y reported by 
Tracy and Lester ( 6 ) , and four t e s t s in the two-foot wide channel, which 
were a l so c o l l e c t e d by the U. S. Geological Survey personnel and have not 
been published at th i s time, were used in t h i s i n v e s t i g a t i o n . The p e r t i ­
nent information for each of these t e s t s i s l i s t e d in Table 1. 
Depth Measurements 
Near the normal depth, flow in uniform channels var ies gradually 
from sec t ion to s e c t i o n . The change may be almost imperceptible over 
short d is tances a s , for example, the 80 fee t length of the experimental 
flume. For mild channel s l o p e s , the normal surface-prof i l e i s the up­
stream asymptote to the Ml and M2 backwater curves. For steep s lopes the 
normal p r o f i l e i s the downstream asymptote to the S2 and S3 curves. In 
each case , the normal l i n e l i e s between the two curves. The method used 
to determine the normal flow depth consisted of the measurement of the 
surface p r o f i l e at depths jus t greater than the normal, and at depth j u s t 
smaller than the normal. The normal depth was then interpolated between 
the two curves . Point gage readings to the nearest 1/1,000th of a foot 
were made at f i v e points in cross sec t ions at one foot in terva l s for the 
length of the flume. The point-gage readings were compared with the 
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p i e z o m e t r i c l e v e l a t s e l e c t e d p o i n t s i n t h e f l u m e . 
I n F i g u r e 5 i s shown a t y p i c a l s e t o f d e p t h m e a s u r e m e n t s f o r b o t h 
a m i l d and a s t e e p s l o p e . 
T a b l e 1 . Summary o f D a t a 
Te s s t N o . B U y y s 
' -'o o 
R 
f t f p s l b s / f t 2 
1 3 . 4 9 2 . 1 3 5 0 . 0 7 5 2 0 . 0 2 1 7 0 1 7 9 , 3 0 0 
2 3 . 4 9 1 . 4 3 0 0 . 1 1 4 2 0 . 0 1 0 6 8 1 6 3 , 8 0 0 
3 3 . 4 9 1 . 7 7 7 0 . 1 1 5 2 0 . 0 1 5 7 5 2 1 7 , 0 0 0 
4 3 . 4 9 2 . 4 5 5 0 . 1 1 8 2 0 . 0 2 8 4 0 3 1 0 , 1 0 0 
5 3 . 4 9 2 . 7 5 0 0 . 1 1 9 8 0 . 0 3 4 2 5 3 5 0 , 4 0 0 
6 3 . 4 9 2 . 0 1 5 0 . 1 4 2 2 0 . 0 2 0 1 0 3 2 7 , 6 0 0 
7 3 . 4 9 1 . 3 3 0 0 . 0 6 1 6 0 . 0 0 9 2 9 1 0 8 , 1 0 0 
8 3 . 4 9 1 . 1 4 5 0 . 0 2 8 7 0 . 0 0 8 0 7 4 3 , 7 7 0 
9 3 . 4 9 1 . 3 5 5 0 . 0 4 2 4 0 . 0 1 0 2 0 7 6 , 5 4 0 
1 0 3 . 4 9 0 . 7 7 1 0 . 0 4 2 4 0 . 0 0 3 8 1 4 3 , 5 1 0 
11 3 . 4 9 6 . 1 4 5 0 . 0 9 7 8 0 . 1 4 0 8 0 7 2 6 , 9 0 0 
12 3 . 4 9 2 . 2 9 5 0 . 0 2 8 4 0 . 0 2 9 0 0 8 5 , 9 7 0 
13 3 . 4 9 7 . 7 0 0 0 . 0 5 3 2 0 . 2 2 6 5 0 5 6 4 , 0 0 0 
1 4 3 . 4 9 6 . 7 2 0 0 . 0 5 5 0 0 . 1 7 8 1 0 4 5 6 , 7 0 0 
15 3 . 4 9 5 = 8 5 0 0 . 0 5 5 9 0 . 1 4 0 3 0 4 0 8 , 0 0 0 
16 3 . 4 9 5 . 8 0 0 0 . 1 0 1 2 0 . 1 3 1 0 0 6 8 0 , 8 0 0 
17 3 . 4 9 4 . 5 4 0 0 . 1 0 3 0 0 . 0 8 5 7 0 5 5 2 , 6 0 0 
18 3 . 4 9 6 . 0 8 0 0 . 0 7 4 0 0 . 1 4 9 5 0 5 8 1 , 3 0 0 
19 3 . 4 9 4 . 6 4 0 0 . 0 8 0 0 0 . 0 8 9 0 0 4 8 0 , 5 0 0 
2 0 3 . 4 9 6 . 2 5 0 0 . 0 2 6 3 0 . 1 7 0 8 0 2 3 2 , 5 0 0 
21 3 . 4 9 1 . 8 9 8 0 . 0 8 6 8 0 . 0 1 7 3 2 1 7 7 , 9 0 0 
22 3 . 4 9 2 . 3 0 0 0 . 2 1 1 5 0 . 0 2 5 5 5 4 7 5 , 0 0 0 
23 1 . 9 9 4 . 4 5 0 0 . 1 1 5 6 0 . 2 3 2 5 0 5 2 2 , 5 0 0 
2 4 1 . 9 9 1 . 6 9 7 0 . 0 7 4 0 0 . 0 1 6 3 0 8 2 , 3 3 0 
25 1 . 9 9 3 . 6 7 0 0 . 0 4 8 9 0 . 0 6 7 2 0 1 1 6 , 0 0 0 
26 1 . 9 9 4 . 3 6 0 0 . 1 9 7 5 0 . 0 3 3 8 0 2 6 3 , 5 0 0 
V e l o c i t y M e a s u r e m e n t s 
P o i n t v e l o c i t i e s w e r e m e a s u r e d by means o f a s t a g n a t i o n t u b e c o n ­
n e c t e d t o a m a n o m e t e r , w i t h f l o o r p i e z o m e t e r s c o n n e c t e d t o a n o t h e r 
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manometer. The v e l o c i t y data were taken a t t h e downstream end of the flume 
i n the v i c i n i t y o f 70 f e e t . The s t a g n a t i o n tube was h e l d i n p l a c e by an 
arm on a c a r r i a g e , which can be r o l l e d on the r a i l s a l o n g t h e top of the 
s i d e w a l l s and can be locked i n p l a c e anywhere a l o n g the f lume. The c a r ­
r i a g e has a mechanism for p r e c i s e p o s i t i o n i n g of t h e s t a g n a t i o n tube i n 
both the h o r i z o n t a l and the v e r t i c a l d i r e c t i o n s . The d i s t a n c e o f the s t a g ­
n a t i o n tube above the flume bottom and away from the v e r t i c a l w a l l can be 
determined to the n e a r e s t 1 / 1 0 , 0 0 0 of a f o o t . 
P o i n t v e l o c i t y r e a d i n g s were taken i n v e r t i c a l t r a v e r s e s s t a r t i n g 
near the f l o o r , w i t h r e a d i n g s taken a t predetermined i n t e r v a l s moving 
towards t h e water s u r f a c e . These t r a v e r s e s were taken a t predetermined 
i n t e r v a l s from the channel c e n t e r l i n e towards the w a l l w i t h a t r a v e r s e 
a l o n g t h e w a l l b e i n g taken w i t h the s t a g n a t i o n tube i n c o n t a c t w i t h the 
w a l l . 
Shear S t r e s s A n a l y s i s 
Two methods were used i n t h e d e t e r m i n a t i o n of t h e shear s t r e s s a t 
p o i n t s a l o n g t h e p e r i p h e r y o f the c h a n n e l . The f i r s t method i n v o l v e d 
u s i n g Von Karman's l o g a r i t h m i c law and the v e l o c i t y d a t a . Von Ka'rman's 
l o g a r i t h m i c law w i t h v a l u e s o f the c o n s t a n t s e s t a b l i s h e d from N i k u r a d s e ' s 
exper iments (11 ) i s : 
— = 5 .5 + 5 .75 l o g u 
* 
M u l t i p l y i n g Equat ion (6 ) by u^ and r e a r r a n g i n g t e r m s , 
u* 
u = 5 .75 u* l o g y + ( 5 . 7 5 u^ l o g — + 5 .5 u*) ( 7 ) 
19 
from which it can be seen that. 5 „ 7 5 is equal to the slope of the verti­
cal velocity traverse curve when plotted as in Figure 6„ Since u^ =
 sftQ/p, 
the shear stress can be determined. The second method used to determine 
the shear stress was Preston's method. This method was used for those 
tests in which the stagnation tube was placed in contact with the channel 
boundaryo The first method was only used for the channel bottom. For the 
limited number of tests, data were available to make shear stress deter­
minations by both methods. The results compare favorably. 
4 . 5 
4 . 0 
3 . 5 
3 . 0 
2 . 5 
2 . 0 
0 . 0 0 1 0 . 0 1 0 . 1 0 
Distance above flume bottom, feet 
Figure 6. Typical Vertical Velocity Traverse (Central Region) 
CHAPTER IV 
DISCUSSION OF RESULTS 
D i s t r i b u t i o n of the Shear S t r e s s 
F i g u r e s 7 through 13 a r e p r e s e n t e d showing t h e shear s t r e s s d i s ­
t r i b u t i o n a c r o s s the channel bot tom. Each f i g u r e r e p r e s e n t s a d i f f e r e n t 
range o f d e p t h - t o - w i d t h r a t i o s . The curves were p l o t t e d w i t h , T ^ / y y o S 0 , 
the a c t u a l shear s t r e s s d i v i d e d by the two-d imens iona l shear s t r e s s a s a 
f u n c t i o n o f , z/%B, the r a t i o o f t h e d i s t a n c e from t h e v e r t i c a l w a l l to 
o n e - h a l f the w i d t h of the c h a n n e l . 
From F i g u r e s 7 through 13 i t i s observed t h a t the v a l u e of t h e 
shear s t r e s s , T ^» d i v i d e d by t h e two-d imens iona l shear s t r e s s , y Y0$0> 
d e c r e a s e s a s the d e p t h - t o - w i d t h r a t i o i n c r e a s e s . Therefore a curve for 
d e p t h - t o - w i d t h r a t i o of 0 .25 would probably be s i m i l a r to F i g u r e 13 w i t h 
s l i g h t l y lower v a l u e s for the shear s t r e s s . 
F i g u r e 14 shows the shear s t r e s s d i s t r i b u t i o n for channe l s w i t h a 
d e p t h - t o - w i d t h r a t i o o f 0 .25 and 0 . 5 0 a s p r e s e n t e d by Lane ( 7 ) . Compar­
ing F i g u r e 14 w i t h F i g u r e 13 i t i s observed t h a t Lane ' s m a t h e m a t i c a l l y 
d e s c r i b e d d i s t r i b u t i o n i s o f a c o n s i d e r a b l y d i f f e r e n t n a t u r e than t h a t 
d e s c r i b e d by the w r i t e r ' s d a t a . Lane ' s d i s t r i b u t i o n has v a l u e s i n t h e 
c e n t e r o f the channel t h a t a r e h i g h e r than t h o s e determined from the 
w r i t e r ' s a n a l y s i s » 
The shear s t r e s s d i s t r i b u t i o n f o r the v e r t i c a l w a l l s , f o r d i f f e r e n t 
ranges o f d e p t h - t o - w i d t h r a t i o s , a r e shown on F i g u r e s 15 through 1 9 . The 
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Figure 12. Shear Stress Distribution, Bottom, (0.140 < y /B < 0.145). 
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Figure 15. Shear Stress Distribution, Wall, (0.026 < y /B < 0.030). 
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Figure 16. Shear S t r e s s D i s t r i b u t i o n , Wal l , (0.040 < y /B < 0.062) 
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F i g u r e 1 9 . S h e a r S t r e s s D i s t r i b u t i o n s W a l l , ( 0 . 1 4 0 < y Q / B 0 . 2 1 5 ) . 
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c u r v e s a r e p l o t t e d w i t h , T ly y „ S , t h e a c t u a l s h e a r s t r e s s d i v i d e d by 
ow / o o J 
t h e t w o - d i m e n s i o n a l s h e a r s t r e s s a s a f u n c t i o n o f , yly , t h e r a t i o o f t h e 
d i s t a n c e a b o v e t h e c h a n n e l b o t t o m t o t h e t o t a l f l o w d e p t h <, 
Maximum S h e a r S t r e s s 
F i g u r e 2 0 s h o w s t h e maximum s h e a r s t r e s s f o r t h e c h a n n e l b o t t o m , 
T 0 j j ( m a x , ) , d i v i d e d by t h e t w o - d i m e n s i o n a l s h e a r s t r e s s , y y 0 S Q , a s a f u n c ­
t i o n o f t h e d e p t h - t o - w i d t h r a t i o o f t h e c h a n n e l c r o s s - s e c t i o n . The v a l u e s 
o f maximum s h e a r s t r e s s e s shown i n F i g u r e 2 0 w e r e o b t a i n e d from F i g u r e s 7 
t h r o u g h 13 a t z/%B = L O . 
I f t h e f l o w w e r e t w o - d i m e n s i o n a l t h e maximum s h e a r s t r e s s , 
T 0 ^ ( m a x . ) , w o u l d b e e q u a l t o y y Q S Q » From F i g u r e 2 0 o n e o b s e r v e s t h a t 
t h e maximum s h e a r s t r e s s , T O D ( m a x , ) , i s e q u a l t o y y 0 S Q f o r v a l u e s o f 
y Q / B l e s s t h a n 0 . 0 8 . The i m p l i c a t i o n i s t h a t i f t h e c h a n n e l i s n a r r o w e r 
t h a n t h e l i m i t y /B = 0 , 0 8 , no t w o - d i m e n s i o n a l f l o w z o n e e x i s t s . I n 
o 
o t h e r w o r d s , t h e w i d t h o f t h e r e g i o n a f f e c t e d by t h e w a l l i s a b o u t s i x 
t i m e s t h e f l o w d e p t h . 
T r a c y and L e s t e r ( 5 ) r e p o r t t h a t , f o r t h e v e l o c i t y d i s t r i b u t i o n , 
t h e w i d t h o f t h e w a l l r e g i o n i s t w o - t o - t h r e e t i m e s t h e f l o w d e p t h . They 
d e f i n e t h e w a l l r e g i o n a s t h a t r e g i o n w h i c h l i e s b e t w e e n t h e v e r t i c a l w a l l 
and t h e v e r t i c a l v e l o c i t y t r a v e r s e w h i c h f i r s t d e v i a t e s f rom t h e c h a r a c ­
t e r i s t i c l o g a r i t h m i c p r o f i l e o f t h e c e n t r a l r e g i o n . 
The t w o - d i m e n s i o n a l , c e n t r a l , f l o w r e g i o n d e f i n e d by t h e s h e a r 
s t r e s s d i s t r i b u t i o n s i s l e s s e r i n e x t e n t t h a n t h a t o b t a i n e d u s i n g t h e 
c r i t e r i o n o f T r a c y and L e s t e r . A r e a s o n a b l e a s s u m p t i o n i s t l^at no t w o -
d i m e n s i o n a l f l o w z o n e e x i s t s i n a r e c t a n g u l a r c h a n n e l b u t t h a t t h e f l o w 
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Rat io of d e p t h - t o - w i d t h , y Q /B 
Figure 20. Maximum Shear S t r e s s , Bottom 
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w h i c h y Q / B < 0 08. A n o t h e r c r i t e r i o n such as t h e e q u a l i t y o f t u r b u l e n c e c h a r a c t e r i s t i c s w o u l d p r o b a b l y r e s u l t i n a t h i r d d e f i n i t i o n o f a t w o -d i m e n s i o n a l f l o w r e g i o n * L a n e ( 7 ) d e r i v e d a c u r v e , s i m i l a r t o t h a t o f F i g u r e 2 0 , f o r t h e m a x i m u m s h e a r s t r e s s o n t h e c h a n n e l b o t t o m . F i g u r e 2 1 i s a c o m p a r i s o n o f t h e c u r v e d e v i s e d b y L a n e w i t h t h e c u r v e f r o m F i g u r e 2 0 , w h e r e t h e c u r v e f r o m F i g u r e 2 0 i s e x t e n d e d t o y Q / B = 0 . 2 5 . C o m p a r i n g t h e t w o c u r v e s a t 
m y / B = 0 * 2 5 i t i s s e e n t h a t t h e m a x i m u m s h e a r s t r e s s e s o f L a n e a r e c o n -0 s i d e r a b l y h i g h e r t h a n t h o s e c o m p u t e d f r o m e x p e r i m e n t a l m e a s u r e m e n t s . F i g u r e 2 2 i s a c u r v e f o r t h e m a x i m u m s h e a r s t r e s s o n t h e w a l l s , a n d F i g u r e 2 3 s h o w s a c u r v e w h i c h w a s d e r i v e d b y L a n e f o r t h e m a x i m u m s h e a r s t r e s s o n t h e w a l l c o m p a r e d w i t h t h e c u r v e f r o m F i g u r e 2 2 . F r o m F i g u r e 2 3 i t i s o b s e r v e d t h a t t h e m a x i m u m s h e a r s t r e s s o n t h e w a l l , c o m ­p u t e d f r o m e x p e r i m e n t a l d a t a , i s l e s s t h a n t h a t g i v e n b y L a n e . A v e r a g e S h e a r S t r e s s T h e a v e r a g e s h e a r s t r e s s f o r t h e b o t t o m a n d f o r t h e w a l l s w a s f o u n d b y i n t e g r a t i n g t h e s h e a r s t r e s s d i s t r i b u t i o n c u r v e s f o r e a c h t e s t . U s i n g t h e s e a v e r a g e s h e a r s t r e s s e s , T , d i v i d e d b y t h e t w o - d i m e n s i o n a l s h e a r s t r e s s , y y S , t h e y w e r e p l o t t e d i n F i g u r e 2 4 a s a f u n c t i o n o f t h e d e p t h ' o o t o - w i d t h r a t i o , y / B , o f t h e c h a n n e l c r o s s - s e c t i o n . A c u r v e f o r t h e a v e r -o a g e s h e a r s t r e s s , f o r t h e t o t a l b o u n d a r y o f t h e c r o s s - s e c t i o n , E q u a t i o n ( 3 a ) , i s a l s o p l o t t e d o n F i g u r e 2 4 . A n a v e r a g e c u r v e w a s d r a w n t h r o u g h t h e d a t a f o r t h e c h a n n e l b o t t o m . T h e n a c u r v e f o r t h e a v e r a g e s h e a r s t r e s s o n t h e w a l l w a s c o m p u t e d b y m e a n s o f E q u a t i o n ( 8 ) . E q u a t i o n ( 8 ) i s o b t a i n e d b y e l i m i n a t i n g y S Q f r o m E q u a t i o n s ( 3 ) a n d ( 3 a ) . 
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Figure 23. Maximum Shear S t r e s s , Wall. 
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(B + 2y Q ) T Q . ( B ) T O B + ( 2 y Q ) T O W (8) 
The computed curve for t h e w a l l was found to f i t t h e average o f t h e w a l l 
data very w e l l a s i s s een on F i g u r e 2 4 . An average shear s t r e s s was found 
from t h e shear s t r e s s d i s t r i b u t i o n s g i v e n by Keulegan (6 ) and L e u t h e u s s e r 
( 8 ) . These v a l u e s a r e a l s o shown i n F i g u r e 2 4 . 
Apparent Shear Force 
From Equat ion (2 ) 
T O B ( - dz ) - T A y Q dx + y[ (%B) - z ] ( y Q s i n 9 ) d x = 0 (2 ) 
F ' , the apparent shear f o r c e for an incrementa l d i s t a n c e , d x , i n t h e l o n g i 
di 
t u d i n a l d i r e c t i o n , can be s o l v e d f o r by d i v i d i n g Equat ion (2 ) by dx and 
r e a r r a n g i n g t e r m s . Giv ing t h e e q u a t i o n : — p z 
F a * y o T a 8 8 7^ < % B ) " z ] ( y 0 s i n 9 ) - / T O B ( - dz ) (9 ) 
The apparent shear f o r c e f o r an incrementa l d i s t a n c e , d x , was com­
puted f o r t h e t e s t s , f o r v a r i o u s d i s t a n c e s from t h e w a l l towards t h e chan­
n e l c e n t e r l i n e u s i n g Equat ion ( 9 ) . The uniform f low s l o p e , S q , was s u b ­
s t i t u t e d f o r s i n 9 , The shear s t r e s s a c r o s s the channel bot tom, T , > was 
ob 
found from F i g u r e s 7 through 1 3 . The f l u i d s p e c i f i c w e i g h t , -y, the u n i ­
form f low d e p t h , y Q , the channel w i d t h , B, and t h e uniform f low s l o p e , S Q , 
were a v a i l a b l e , from the exper imenta l d a t a , f o r each t e s t . F i g u r e 25 
shows the v a l u e s o f F a , the apparent shear f o r c e f o r an incrementa l d i s ­
t a n c e , d x , d i v i d e d by %B y y0SQ a s a f u n c t i o n of the channel d e p t h - t o -
width r a t i o , y / B , and of the r a t i o o f the d i s t a n c e from the w a l l to t h e 
4 3 
channel c e n t e r l i n e , z/%B. 
Cross-Channel Transfer of Momentum 
The c ross -channe l t r a n s f e r of momentum, which was p rev ious ly shown 
to be the apparen t shear f o r c e , YQ dx , can be found for uniform flow 
in a smooth r e c t a n g u l a r open channel for any s e c t i o n between the wal l and 
the channel c e n t e r l i n e . This t r a n s f e r for an incrementa l d i s t a n c e , dx , 
can be found from F igure 26 i f the f l u i d s p e c i f i c we igh t , -y, t he uniform 
flow dep th , y , the uniform flow s l o p e , S q , and the channel wid th , B, a r e 
known. 
F igure 26 , which was der ived from F igure 2 5 , shows curves for v a r i 
ous dep th - to -wid th r a t i o s , y / B , of F ' , the apparen t shear force for an 
O £1 
incrementa l d i s t a n c e , dx , d iv ided by %B y yQSQ a s a funct ion of the r a t i o 
of the d i s t a n c e from the wal l to the channel c e n t e r l i n e , z/%B. 
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Figure 25. Apparent Shear Force 
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CHAPTER V 
CONCLUSIONS 
The s tudy o f c r o s s - c h a n n e l t r a n s f e r of l i n e a r momentum i s based 
upon data (26 t e s t s ) p r e v i o u s l y c o l l e c t e d by t h e U. S . G e o l o g i c a l Survey . 
The range of t e s t c o n d i t i o n s i n c l u d e d d e p t h - t o - w i d t h r a t i o s from Q.026 to 
0 . 2 1 1 , Reynolds numbers from 4 3 , 7 7 0 to 7 2 6 , 9 0 0 , two-d imens iona l shear 
s t r e s s from 0 .0038 to 0 .2325 pounds per square f o o t , and average channel 
v e l o c i t y from 0 .77 to 7 .70 f e e t per s e c o n d . 
1 . The d e p t h - t o - w i d t h r a t i o i s the o n l y parameter a f f e c t i n g the 
shear s t r e s s d i s t r i b u t i o n i n a smooth r e c t a n g u l a r open channel when the 
shear s t r e s s i s used a s a r a t i o of i t s two-d imens iona l shear s t r e s s . 
2 . There i s a c e n t r a l f low r e g i o n for which the shear s t r e s s i s 
two-d imens iona l f o r smooth r e c t a n g u l a r open c h a n n e l s w i t h d e p t h - t o - w i d t h 
r a t i o s l e s s than 0 . 0 8 . In o t h e r words , the w a l l a f f e c t s the shear s t r e s s 
for a d i s t a n c e o f about s i x t imes the f low d e p t h , l a t e r a l l y from the w a l l 
towards t h e c e n t e r o f the c h a n n e l . 
3 . The a v e r a g e shear s t r e s s for t h e channel bottom i s much l a r g e r 
than f o r the channel w a l l a t the smal l d e p t h - t o - w i d t h r a t i o s , w i t h t h i s 
d i f f e r e n c e becoming l e s s a t the l a r g e r d e p t h - t o - w i d t h r a t i o s . 
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